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Abstract-The role of the brain monoamines in the development of hippocampal kindling was studied. Reserpine markedly facilitated the formation of hippocampal kindling. The high amplitude spike waves in the amygdala and reticular formation appeared earlier It is known that repeated electrical stimu lation of the brain, which at first produces no effect on behavior, leads to the progressive development of generalized convulsion. This phenomenon is called the kindling effect (1), and the kindled animals have been employed as an experimental model of epilepsy. It is demonstrated that this model has several advantages over previously developed experi mental models of epilepsy (2, 3). A number of reports have indicated that the brain catecholamines, especially nor adrenaline (NA), play an inhibitory role in the modulation of seizure activity (4) . The initial observation of catecholamine involvement in kindling was made by Arnold et al. (5) who showed that the administration of reserpine, which depletes catecholamines, resulted in a marked facilitation of the rate of amygdaloid kindling. Corcoran et al. (6) reported that the unilateral intraventricular administration of 6-hydroxydopamine (6-OHDA), which destroys catecholamines nerve terminals, similarly resulted in a facilitation of amyg daloid kindling. Lesions of the stria terminalis, in which noradrenergic nerve fivers are included, or the ascending NA pathway accelerate amygdaloid kindling (7, 8) .
On the other hand, the role of brain sero tonin (5-HT) systems in the formation of the amygdaloid kindling effect has not yet been well clarified. Electrical stimulation and lesion of the midbrain raphe nuclei blocked and facilitated amygdaloid kindling, respectively (9) (10) (11) . However, systemic injection of p chlorophenylalanine (PCPA), a tryptophan hydroxylase inhibitor, retarded the develop ment of kindling by amygdaloid stimulation (10) . Most of these studies on the kindling effect have so far been done in the amygdala. The role of brain monoamines in hippocampal kindling has been studied less thoroughly. It is known that afterdischarges are easily induced by electrical stimulation of the hippocampus as well as the amygdala (12) .
The present study was undertaken to investigate the role of brain monoamines in the formation of the hippocampal kindling effect.
Materials and Methods
Animals: Male Wistar strain rats, weighing 280-320 g at the time of surgery, were housed in an air-conditioned room at 22±1 °C with a 12 hr light-dark schedule (lights on at 7:00). Food and water were given ad libitum during the experimental period.
Surgery and experimental procedure: The animal's head was fixed in a stereotaxic instrument under pentobarbital-Na (50 mg/ kg, i.p.) anesthesia, and bipolar stainless steel electrodes (tip diameter, 0.2 mm; uninsulated length, 0.5 mm; polar distance, 0.5 mm) were chronically implanted in the hippocampus (13) . Following the chronic implantation of the electrodes, 2 weeks were allowed for recovery from the surgery before commencing the experiments. The animals were transferred to an open-topped plexiglas (38x40x45 cm) container which was placed in a sound proofed shielded cage. The animals were allowed to adapt themselves to the new environment for 10-20 min prior to stimu lation. The electroencephalogram (EEG) and afterdischarge (AD) were recorded on a polygraph simultaneously with observing the behavior. The hippocampus was stimulated for 5 sec with a square wave pulse (60 Hz in frequency, 1.0 msec in duration). The threshold for AD was determined according to the procedure described in our previous report (14) . After the determination of the threshold for AD, electrical stimulation was performed at this intensity at intervals of 24 hr until a kindling effect was established.
The development of clinical manifestations of kindling was measured and recorded under the following 4 stages: stage 1, mouth movement and head nodding; stage 2, rearing; stage 3, forlimb clonus with rearing; stage 4, falling down. The data obtained were evaluated using Student's t-statistics.
Drugs: The drugs used in this study were p-chlorophenylalanine (PCPA, Sigma), a methyl-p-tyrosine (a-MT, Sigma), reserpine (Serpacil, Ciba-Geigy), 5,7-dihydroxytryp tamine (5,7-DHT, Sigma) and desipramine (Pertofran, Ciba-Geigy). PCPA and a-MT were suspended in 0.5% carboxymethyl cellulose solution. 5,7-DHT was dissolved in physiological saline solution containing ascorbic acid at 1 mg/ml. Reserpine and desipramine were dissolved in distilled water.
Twenty-four hours before the kindling procedure was begun, an intraperitoneal dose of reserpine (2 mg/kg) and PCPA (400 mg/ kg) was given. a-MT (200 mg/kg) was administered p.o. for both 1 day and 5 days. One hundred iig of 5,7-DHT was bilaterally infused into the lateral ventricles at the rate of 10 al/min. To permit diffusion of the drug, the cannula was left in place for an additional 1 min after the end of injection. Control rats received bilateral injection of an equal volume of the saline-ascorbic acid vehicle. The rats were pretreated with the NA uptake inhibitor desipramine (20 mg/kg, i.p.), 30 min prior to the intracerebral injections of 5,7 DHT, in order to prevent the decrease of NA. The stimulation of the hippocampus for kindling formation was started 2 weeks after injection of 5,7-DHT.
Results
In hippocampal kindling, successive daily stimulations elicited behavioral and EEG changes (Fig. 1) stage 0, and the amplitude of AD gradually increased concomitantly with development of the kindling stage. The duration of amygdaloid AD was about 40-50 sec at the stage 0 and was obviously lengthened up to 90-100 sec when stage 2 was reached and became of constant duration thereafter. After the ac complishment of kindling, interictal spike waves were frequently observed in the amygdala.
The number of trials required for the establishment of kindling was significantly shortened by reserpine injection (P<0.01, Fig. 2 ). In particular, the number of trials required to reach stage 1 was most remarkably reduced (P<0.05).
No significant differences were seen in the number of trials required to reach stage 2, 3 and 4 between the reserpine injected and the saline injected rats (Fig. 2) . The high amplitude spike waves in the amygdala and reticular formation appeared earlier in the reserpine injected animals than in the saline injected animals. Interictal spike discharge frequency was the same as that in the saline injected rats.
No significant difference was found in the PCPA and a-MT injected rats compared with the saline injected rats in the number of stimulations required to reach stage 1, 2, 3 and in the total number of trials required for the establishment of the kindling effect (Fig.  2) . Progressive changes of AD elicited by repeated hippocampal stimulation in a-MT Fig. 3 . The number of trials involving each stage of kindling in the 5,7-dihydroxytryptamine injectec rats or PCPA injected rats were the same as those in the saline injected rats. In the 5,7-DHT injected rats, the average number of trials required to reach stage 4 tended to become longer, but there were no significant differences between 5,7-DHT treated rats and saline treated rats (Fig. 3) . AD changes in 5,7-DHT injected rats were the same as those in the saline injected rats.
Discussion
The results obtained in the present in vestigation showed that reserpine, which depletes catecholamines in the brain, markedly facilitated the formation of the hippocampal kindling effect. Furthermore, reserpine depletes not only catecholamines but also serotonin (5-HT). It is reported that dopamine has an inhibitory role in the formation of the amygdaloid kindling effect (15) . The decrease of not only NA but also dopamine may participate in the facilitative effect of reserpine in the hippocampal kindling effect. Therefore, it is considered that the decrease in both catecholamine and 5-HT levels at the beginning of kindling formation may be responsible for the facili tation of hippocampal kindling.
On the other hand, a-MT, a tyrosine hydroxylase inhibitor, did not have any effects on the development of hippocampal kindling. Rondouin et al. (16) reported that a lack or a delay of hippocampal kindling was found in the a-MT injected cats. However, Callaghan and Schwark (17) reported that a-MT significantly facilitated the develop ment of amygdaloid kindling in rats. It is conceivable that the effect of a-MT in the formation of amygdaloid kindling is facili tation, but in the formation of hippocampal kindling, its effect has not yet been clarified. It is known that a-MT causes the decrease of catecholamine levels in the brain by inhibiting their synthesis. Furthermore, increases in the 5-HT turnover and 5-HT concentration have been observed in the cortex, the mecence phalon and the cerebellum by the injection of a-MT (18) . The increase in 5-HT activity may counteract the facilitative effect that resulted from the decrease of catecholamine levels on the formation of the hippocampal kindling effect. It has become abundantly clear that the brain catecholamines, especially NA, play an inhibitory role in the regulation of the kindling effect as well as seizure activity (15, 19) . However, the role of brain 5-HT systems in the formation of the kindling effect has not yet been well clarified. Siegel and Murphy (11) reported that PCPA retarded the development of amygdaloid kindling. Curtis and Crawford (12) reported that raphe lesions facilitated the development of amygdaloid kindling. We (14) previously reported that midbrain raphe nuclei lesions did not have any effect on the formation of either hippocampal or amygdaloid kindling. Furthermore, the effect of 5-HT depletions on seizures using various seizure models have been somewhat ambiguous (20) (21) (22) (23) .
